INTRODUCTION {#sec1-1}
============

Tooth decay and periodontal disease are among the most common oral diseases worldwide and remain a public health issue for developing countries. Presence of these conditions often indicates poor oral hygiene. Different forms of teeth cleaning tools are available in the market. Chewing sticks, commonly referred to as miswak, are among the oldest teeth cleaning tools. Their use still continues in the modern era of dentistry.\[[@ref1][@ref2]\] Sticks in the size of a pencil are fashioned from the trunk, root or branches of some certain plants and are chewed on one end until they turn into a brush. The teeth are cleaned using this brush end similar to using a toothbrush. One of the plants commonly used for this purpose is *Salvadora persica* (SP), also known as miswak, and natural arak tree. SP has been used for centuries as a natural toothbrush and the World Health Organization has recommended using its fibrous branches for oral hygiene care.\[[@ref3]\] SP has a wide geographic distribution in East Asia and most African countries.\[[@ref4]\] Due to easy accessibility and affordability, chewing sticks are still a popular tool for plaque control in the Middle East and Africa.\[[@ref5]\]

Many *in-vivo* and *in-vitro* studies have evaluated the effects of SP on dental plaque and its antibacterial efficacy against oral pathogens.\[[@ref6][@ref7][@ref8][@ref9][@ref10]\] Favorable effects of miswak on oral hygiene depend on its mechanical and antimicrobial properties. According to the literature, SP contains a number of medically beneficial compounds including abrasives, antiseptics, astringent, detergents, enzyme inhibitors, and a considerable amount of chloride, calcium, fluoride, silica, a sulfur compound, Vitamin C, tannins, saponins, resins, phytosterols, flavonoids, triterpenes, and alkaloids.\[[@ref11][@ref12][@ref13][@ref14]\] Moreover, SP has mechanical cleaning effects, stimulates salivary flow, and acts as a buffering agent as well.\[[@ref15]\]

Since SP has shown to have an antibacterial effect, it could also be used as an intracanal medicament, but it is suggested that its effect in root canal as an intracanal medicament needs to be evaluated in future study.

Antibacterial properties of SP have been widely investigated. However, the studies on the effects of this natural toothbrush on cells are infrequent. However, in the case of these materials, in addition to antimicrobial effect, the biocompatibility too has to be given due consideration. Hence, considering the risk of exposure of dental pulp cells to this material in highly carious teeth, this study aimed to assess the cytotoxic effect of SP\'s extract on cultured human dental pulp stem cells (hDPSCs).

MATERIALS AND METHODS {#sec1-2}
=====================

Preparation of the miswak extract {#sec2-1}
---------------------------------

*Salvadora persica* chewing sticks were obtained fresh from the local market in Makkah city, Saudi Arabia and stored in a freezer (−80°C) until the experiment. The sticks were chopped into small pieces and ground by an electric grinder (National, Japan).

Twenty-five gram of miswak powder was successively extracted using the maceration method in 250 ml of double distilled water and 250 ml of ethanol 80% on a shaker at room temperature for 48 h. The extract solutions were then filtered with Whatman No. 4 filter paper. Using a rotary evaporator (Heidolph, Germany), the solutions were completely concentrated and the obtained sticky pastes were stored at 4°C until use.

In this study, in order to assess the cytotoxic effects of ethanolic and water extracts of SP on hDPSCs, different concentrations of the extracts were prepared by twofold serial dilution with the Dulbecco\'s Modified Eagle Medium (DMEM) (Gibco, USA). These concentrations were as follows: 5.75; 2.87; 1.43; 0.71; 0.35; 0.17, and 0.08 mg/ml (the highest concentration was determined by conduction of a pilot study). The elutes were then sterilized using 0.20 μm pore size filters (Acrodisc syringe filter, USA), supplemented with 10% fetal bovine serum (FBS) (Gibco, USA), and 1% antibiotic (Gibco, USA) and used immediately for cytotoxicity testing.

Culture of human dental pulp stem cells {#sec2-2}
---------------------------------------

Isolation and culture of hDPSCs were performed as we reported later.\[[@ref16]\] Briefly, human teeth were extracted for valid clinical reasons and collected from the Oral Surgery Department of Faculty of Dentistry, Shahid Beheshti University of Medical Sciences after obtaining verbal informed patient consent according to approval of the ethical committee. Dental pulp tissue extracted from the teeth was cut into small pieces and put in a test tube containing collagenase I (3 mg/ml) and dispase (4 mg/ml). It was left for 30-60 min at 37°C, pelleted by centrifugation 1200 g for 10 min, resuspended in DMEM containing 10% FBS and 1% antibiotic, then transferred to a 25 cm^2^ cell culture flask (SPL, South Korea) and incubated at 37°C under 5% CO~2~ and 95% humidity. The media was refreshed every 3 days and the sub-culturing was done after the cells reached confluence. The fourth passage cells were used for this experiment. After proliferation and reaching 80% confluence, cells were harvested using 0.25% trypsin (Sigma-Aldrich, St. Louis, MO, USA) and counted using a Neubauer chamber. Then, 3000 cells/100 μl culture medium (containing 10% FBS and 1% antibiotic) was added to each well of a 96-well plate (SPL, South Korea). Two plates were allocated for water extract and two for ethanolic extract. Peripheral wells of the plates were considered blank and only contained pure culture medium. Plates were incubated in a humidified atmosphere of air and 5% CO~2~, at 37°C. After 24 h of cell culture, the medium in each well of plates was replaced with 100 μl of prepared elutes of extracts (ranged from 5.75 mg/ml to 0.08 mg/ml in a series of two-fold dilutions) or sterile distilled water (which is 100% toxic for cells) as the positive control and DMEM containing 10% FBS and 1% antibiotic as the negative control group (*n* = 6 in each group) and stored in an incubator at 37°C with 5% CO~2~ for 24 and 48 h.

5-diphenyl tetrazolium bromide assay {#sec2-3}
------------------------------------

5-diphenyl tetrazolium bromide (MTT) assay was performed at 24 and 48 h following the treatment of cells with different elutes of SP extracts. The cells were washed with phosphate buffered saline (PBS) (Gibco, USA). The MTT solution was prepared at 5 mg/ml concentration in PBS and diluted with FBS-free culture medium in a 1/10 ratio; 100 μl of this solution was added to each well. Next, plates were incubated for another 3-4 h. During this time period, mitochondrial dehydrogenases reduce the yellow MTT dye (tetrazolium salt) into the insoluble blue Formazan in the viable cells. The overlaying culture medium was gently removed and 100 μl of dimethyl sulfoxide (Gibco BRL, Grand Island, NY, USA) was added to the wells to dissolve the formazan crystals.

The optical densities (OD) were measured with a microplate reader (Anthos 2020, Wales, Australia) at 570 nm wavelength with 650 nm filter and calculated the cell viability according to the following formula:

Cell viability (%) = 100 (OD~mean~ of test groups/OD~mean~ of negative control group).

The percentage of cell viability over 90% indicated nontoxicity, while the amounts between 60% and 90%, 30-60% and \<30%, indicated mild, moderate, and severe toxicity, respectively.

Statistical analysis {#sec2-4}
--------------------

The data were analyzed with the GraphPad Prism software (GraphPad Software, San Diego, CA, USA). The mean and standard deviations were calculated. One-way ANOVA was applied for statistical analysis of data and *post-hoc* Tukey\'s test was used for multiple comparisons using the data resulted from three repeated experiments. Level of significance was set at *P* \< 0.05.

RESULTS {#sec1-3}
=======

Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} illustrate the influence of the different elutes of two extracts on the growth of the hDPSCs.

![Percentage of viability of human dental pulp stem cells after exposure to various concentrations of ethanolic and water extracts of *Salvadora persica* at 24 h. \*Indicates a significant difference (*P* \< 0.05)](JCD-18-315-g001){#F1}

![Percentage of viability of human dental pulp stem cells after exposure to various concentrations of ethanolic and water extracts of *Salvadora persica* at 48 h. \*Indicates a significant difference (*P* \< 0.05)](JCD-18-315-g002){#F2}

Results at 24 h {#sec2-5}
---------------

Ethanolic extract of SP: As seen in [Figure 1](#F1){ref-type="fig"}, the cells exposed to 5.75, 2.87, and 1.43 mg/ml concentrations of ethanolic extract resulted in 95.58%, 93.88%, and 70.90% cell viability reduction compared to the negative control group, respectively and these reductions were statistically significant in comparison to negative control group (*P* \< 0.05). The mentioned three concentrations were not significantly different from the positive control group (distilled water) (*P* \> 0.05) and were considered sever cytotoxic. Concentrations from 0.71 mg/ml to 0.08 mg/ml caused 20.20-19.80% reduction in cell viability and no significant difference was noted with the negative control group (*P* \> 0.05).

Water extract of SP {#sec2-6}
-------------------

Comparison of various concentrations of water extract with the negative control group at 24 h revealed that 5.75 mg/ml concentration of water extract resulted in 79% reduction in cell viability compared to the negative control group and this reduction was statistically significant (*P* \< 0.05). However, this concentration showed no significant difference with the positive control group (distilled water) (*P* \> 0.05). Thus, this concentration was found to be severely cytotoxic. The concentration of 2.87 mg/ml caused proliferation of cells (23.17% increase compared to the negative control group); but this increase was not statistically significant compared to the negative control group (*P* \> 0.05). However, the difference with the positive control group (distilled water) was significant (*P* \< 0.05). Thus, this concentration was not cytotoxic. Concentrations of 1.43-0.08 mg/ml of water extract caused significant increase in cell proliferation by 63.83%, 71.25%, 73.83%, 86.50%, and 111.8%, respectively compared to the negative control group (*P* \< 0.05). The differences with the positive control group were significant as well (*P* \< 0.05).

Positive control group (distilled water) showed 95.40% reduction in cell count compared to the negative control group; which indicates severe cytotoxicity of distilled water.

Results at 48 h {#sec2-7}
---------------

Ethanolic extract of SP: As seen in [Figure 2](#F2){ref-type="fig"}, comparison of various concentrations of ethanolic extract with the negative control group at 48 h revealed that 5.75, 2.87 and 1.43 mg/ml concentrations of ethanolic extract resulted in 93.75%, 93.50%, and 70.17% cell reduction compared to the negative control group and these reductions were statistically significant (*P* \< 0.05). The mentioned three concentrations were not significantly different from the positive control group (distilled water) (*P* \> 0.05) and maintained their severe cytotoxicity for 48 h. Concentrations from 0.71 mg/ml to 0.08 mg/ml showed no significant difference with the negative control group (similar to the status at 24 h) (*P* \> 0.05); indicating that these concentrations of ethanolic extract were not cytotoxic by up to 48 h.

Water extract of SP {#sec2-8}
-------------------

Comparison of various concentrations of water extract of SP with the negative control group at 48 h revealed that 5.75 mg/ml concentration of water extract resulted in 93.75% reduction in cell count compared to the negative control group and this reduction was statistically significant (*P* \< 0.05). Thus, this concentration remained severely cytotoxic by up to 48 h. The concentrations of 2.87-0.35 mg/ml increased cell proliferation by 34, 36, and 53%, respectively compared to the negative control group; these increases were not significant compared to the negative control group (*P* \> 0.05), but statistically significant compared to the positive control group (distilled water) (*P* \< 0.05). Therefore, these concentrations were not cytotoxic. The two low concentrations of water extract (0.17 mg/ml and 0.08 mg/ml) caused 78% and 137% increase in cell proliferation, respectively at 48 h, which were statistically significant compared to the negative control group (*P* \< 0.05).

The effects of time on the viability of cells exposed to different concentrations of extracts {#sec2-9}
---------------------------------------------------------------------------------------------

In both extracts, no significant time-dependent difference in their effects on cell viability at the mentioned two time points was found (*P* \> 0.05). However in water extract, concentrations with favorable effects on cell proliferation at 24 h decreased cell viability after 48 h (except for 0.08 mg/ml), however this decrease was not statistically significant (*P* \> 0.05).

The effects of type of extracts on the viability of cells {#sec2-10}
---------------------------------------------------------

Comparison of each concentration between water and ethanolic extracts at 24 h revealed that from 2.87 mg/ml concentration, the differences between the two groups were significant (*P* \< 0.05) indicating significantly higher cell proliferation in water extract group. Comparison of each concentration between the two groups of water and ethanolic extracts at 48 h revealed that the 2.87 mg/ml and 1.43 mg/ml concentrations of ethanolic extract, which were cytotoxic, were significantly different from the same concentrations of water extract in terms of cytotoxicity (*P* \< 0.05). The 0.71 mg/ml and 0.35 mg/ml concentrations were not significantly different, but 0.17 mg/ml and 0.08 mg/ml concentrations of water extract caused a significant cell proliferation compared to similar concentrations of ethanolic extract (*P* \< 0.05).

DISCUSSION {#sec1-4}
==========

Considering the unfavorable side effects of chlorhexidine (CHX),\[[@ref17]\] many attempts have been made to find natural oral care products. Antibacterial effects of SP have been confirmed in several studies.\[[@ref18][@ref19]\] Aside from the antibacterial properties, the effect of SP on living cells must be thoroughly investigated as well for its use in the oral environment. Effective dose of a substance is different in microbial and cellular tests and an effective concentration against bacteria may be toxic for cells.\[[@ref20]\] No previous study has evaluated the effect of SP extract on hDPSCs. These cells in the connective tissues of the pulp play a central role in the synthesis of the dentinal bridge in some pathologic alterations.\[[@ref21]\] The diffusion of SP components into pulp through the dentinal tubules should be considered as this can affect DPSCs viability. Thus, in the current study, we evaluated the cytotoxic effects of different concentrations of water and ethanolic extracts of SP on hDPSCs using the MTT assay. According to ISO10993, the MTT assay is a standard method for the assessment of cytotoxicity of materials. It determines cell viability by quantitative assessment of a metabolic product and indicates activity of mitochondria in living cells; which has a direct relationship with cell proliferation and longevity.\[[@ref22]\] Rajabalian *et al*.\[[@ref23]\] evaluated the cytotoxicity of SP mouthwash against cultured human and mouse cell lines in comparison to CHX using the MTT assay and reported that both Persica and CHX mouthwashes were toxic to macrophages, epithelial cells, fibroblasts, and osteoblasts in a concentration-dependent manner. Darmani *et al*.\[[@ref24]\] evaluated the effects of miswak extracts on the proliferation of mouse fibroblasts using the MTT assay and reported that water extracts of miswak enhanced the growth of fibroblasts while inhibiting the growth of cariogenic bacteria. However, Al-Fatimi *et al*.\[[@ref25]\] used neutral red and Ali *et al*.\[[@ref26]\] used alamarBlue^®^ for assessment of the cytotoxicity of SP.

In the current study, we obtained SP extract using maceration method similar to studies by Al-Fatimi *et al*.,\[[@ref25]\] and Ali *et al*.\[[@ref26]\] However, Abo Al-Samh and Al-Bagieh\[[@ref27]\] used percolation technique.

Our results revealed that high concentrations of the ethanolic extract of SP (5.75-1.43 mg/ml) caused significant reduction in cell proliferation compared to the negative control group and 0.08-0.71 mg/ml concentrations showed no significant difference with negative control group. High concentrations of the water extract of SP caused a significant reduction in cell proliferation compared to the negative control group while lower concentrations of water extract increased proliferation of hDPSCs. Increased cell proliferation as the result of exposure to water extract of SP confirms the results of previous studies indicating the optimal efficacy of miswak for improving gingival ulcers.\[[@ref12]\] However, our results were in contrast to those of Darmani *et al*.\[[@ref24]\] They evaluated the effect of water extract of derum and miswak on proliferation of Balb/C3T3 mouse fibroblasts and reported a significant increase in cell proliferation at all concentrations of both materials compared to the control group (*P* \< 0.0005). In their study, 100% concentration of extracts caused highest proliferation of cells; whereas, in our study, water extract of SP at very low concentrations increased cell proliferation. Such difference in results may be due to errors in extract preparation in the study by Darmani *et al*. In their study, the powder of miswak (15 g) was mixed with distilled water (100 ml), filtered and the obtained nondried extract was used as 100% concentration. Next, seven other concentrations were prepared of this extract. However, the extract must be dried first and then different concentrations should be prepared of the dry extract. Moreover, type of cells used may also cause differences in results. In a study by Rajabalian *et al*.\[[@ref23]\] Persica had the lowest cytotoxicity against J744 and highest cytotoxicity against MRF; such difference in cytotoxicity of persica against different cells indicates that type of cell significantly affects the level of cytotoxicity. Furthermore, in their study, 0.5% concentration of persica mouthwash had cytotoxic effects on all types of cells. At all concentrations, persica mouthwash had significantly higher toxicity in the absence of fetal calf serum (FCS). Decreased toxic effect of persica in the presence of FCS may be due to the bonding of toxic agents in the mouthwash to serum proteins. It appears that toxic agents in persica exert their effect via their irreversible bond to cell proteins and impairing their function. In the current study, a significant difference was noted between the effects of ethanolic and water extracts and this difference may be due to different chemical compositions of these extracts. It appears that compounds released in alcohol have greater toxic effects. In a study by Al-Fatimi *et al*.\[[@ref25]\] cytotoxicity of methanol and water extracts of 30 medicinal plants used in the Yemeni ethnomedicine against FL-cells (human amniotic epithelial cells) was assessed and it was reported that methanol extract of miswak at concentrations higher than 1 mg/ml was cytotoxic for 50% of cells; these results were in line with our findings. However, Ali *et al*.\[[@ref26]\] evaluated the cytotoxicity of ethanolic extract of 19 plant species, used traditionally in Sudan against HT-29 human adenocarcinoma cell and L-6 rat skeletal muscle myoblast. Different concentrations of the ethanolic extract from 500 μg/ml to 0.07 μg/ml were added to cells. The results showed that concentrations higher than 0.03 mg/ml of the ethanolic extract of SP were cytotoxic. These results are in contrast to our findings. In the current study, low concentrations of ethanolic extract were not significantly different from the control group and showed no cytotoxic effect. Such controversial results may be due to the type of cells or number of cells in each well. Furthermore, we used the MTT assay while Ali *et al*. used the alamarBlue^®^ assay.

Our results showed that SP\'s extract at very high concentrations caused a significant reduction in cell viability compared to the negative control group; these results are in accord with those of Abo Al-Samh and Al-Bagieh,\[[@ref27]\] who demonstrated that high concentrations of ethanolic extract of miswak affected the morphology of cells within 2-4 h and caused cell death. However, decreased cell proliferation does not necessarily mean that miswak causes cell death; because in the mentioned study, miswak extract, and not the stick itself, was used. When miswak stick, is used, not all of its constituents are released, but when the extract is to be used in a mouthwash, toxic concentrations must be taken into account. Ethanolic solvent is often used in mouthwashes and thus, cytotoxicity of the ethanolic extract must be taken into account. In most previous studies, ethanolic extract of miswak has been evaluated; whereas, when miswak is used in the oral cavity for tooth cleaning, its constituents are dissolved in the saliva; which is composed of 80% water. Thus, the cytotoxicity of the water extract of miswak is more important for use in the oral environment.

The current study had an *in-vitro* design and suffered limitations of *in-vitro* studies. In an *in-vitro* setting, the interaction effect of saliva, cells, intercellular fluids, etc. cannot be well investigated. However, *in-vitro* studies are useful preliminary studies for evaluation of a new substance and decrease the costs of animal studies and eliminate ethical issues related to clinical trials. Moreover, quantitative assessment of the cytotoxicity of a substance is only feasible in an *in-vitro* setting.\[[@ref28]\]

Within the limitations of this study, the highest concentrations of both water and ethanolic extracts of SP had cytotoxic effects on hDPSCs. Water extract of SP at some concentrations can enhance the proliferation of cells. Further studies are required to assess the effect of SP constituents dissolved in the saliva on cells. Preparation of SP\'s extract for wound healing purposes or as an intracanal irrigant in root canal therapy may be an interesting subject for future studies as well.

Clinical relevance {#sec2-11}
------------------

The clinical significance of this research was to offer clinicians a better understanding regarding the biocompatibility of natural toothbrushes. Water extract of SP evaluated in this study were proven suitable for use by patients due to their effect in enhancing proliferation of dental pulp stem cells. Thus, this natural toothbrush could be considered as a material of choice in dental hygiene.
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